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RESEARCHMEMORANDUM

A PRESSURE-DEWRIEK7TION33VZSTIGATIONOF

FUSKLAGEANDCALIBRATION@ THEMACH

AERONAUTICS

A SUPERSONIC-AIRCRAFT

NUMBER1.59Nozzix

OFTRELANGLEY&BY &l?OOTSUPERSONIC!TUNNEL

By MortonCooper,NormanF. Smith,

SUMMARY

andJulianH.Kainer

Pressure-distributiontestsofa supersonic-aircraftfuselagewith
andwithoutcdnopies(bodyofrevolutionwithoutcanopies)havebeen
conductedintheLangley& by k-footsupersonictunne

J
at a

Machnuriberof1.59enda Reynoldsnuniberof2.60X 1 . Thesedata
wereobtaineduponCompletionofa seriesof calibrationtestsof the
nozzleat a Machnumberof1.59. Theresultsof thecalibrationtests
indicatedthattheflowpropertiesin thetestsectionhavea
relativelyhighdegreeofuniformityendaresuitableforaero@mmic
testing.

Forthefuselagewithoutcanopies(bodyofrevolution),goodag.re-
x mentbetweenexperimentandtheorywasindicatedat smallanglesof

attack.At thehigherangles.ofattack,themaximumdiscrepancies
occurredinthevicinityof thefuselageside(@= 900).

Forthecompletefuselageconfiguration(withcanopies),a
localizedpositivepressurepeakexistedo~erthewindshield.This
peak,togetherwiththeremainderof thepressures.on theuppersurface
of thecanopy,canbe estimatedwithsufficientaccuracyformost
structuraldesignpurposes.

INTRODUCTION

Withtheadventof superscmicflightby pilotedaircraft,sm
immediateneedexistsfordataapplicableto aircraftdesignedfor
supersonicoperation.Consequently,a pressurtistributioninvesti-
gationof a largemodelof a fuselageofa sweptback-wingairplanehas
beenconductedin theLangley4-by &foot supersonictunnel.-Thetest ~ ~k
modelwasselectedtorepresenta supersonic-aircraftconfigurationin
orderthatfundamentaldatahavingimnediatepracticalinterestwould
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be obtained.SincethebasicfuselagewithoutcanoPies_isa bodyof
revolution,theseexperimentalresultsareapplicableformissile
configurationsaswell.

Thispaperpresentsthepressuremeasurementsoverthefuselage
withandwithoutcanopiesata Machnumberof1.59andiita
Reynoldsnuder of 2.6o x 106. In addition,comparisonsof theexperi-
mentalresultswiththeoreticalcalculationsarepresented.

v

—

—

Thispapercontains
4-foOtSupersonic,tunnel
serveas a referencefor

a briefdescriptionof theLangley4-by
andsomewhatdetailed.calibrationdatato ...— —

,futurepapers. ->
— .--. -7.

SYNBOLS

Free-streamconditions:

P massdensityof air —

‘v airspeed

a speedof soundin air ._

M Machnuniber(V/a) —

I

$ Machangle
(sic+

dynamicpressure
()$@@

P staticpressure

F’2selagegeometry:

a angleof
plane

$ fuselage

Air-streamgeometry:

attack

—.- — -. —

offuselage<enterline_measuredin —
of symmetryof airplane —

polarangle,de~ees,(OOatbottom)

eE anglebetweentunnelcenterltneandflowdirection :=_ :=.
measuredina horizontalplane(positivetoright
whenviewedlooklngupstrg.mqfig.2)

k-“-CONFIDE@$jjj$..,.r.L-*..-.

r
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I?ressuredata:

P

angle%etweentunnelcenterltieandflowdirection
measuredina vertical”plsne(positiveforupflow,
fig.2)

localstaticpressure

()pressurecoefficient~
~

LANGLEYk-BY &FCKYTSUPERSONIC

GeneralDescription

TheLsngleyk-ly k–footsupersonictunnel

TukrfEG

is a rectangular,
close&throat,singlc+return-windtunnel(fig.1) drivenby a seven—

.

stageaxial-flowcompressor.Thecompressorhasa designmsximum
compressionratioof2 sndvolumeflowof 870,000cubicfeetper
minute.Thetunnelhasbeendesignedfora nominalMachmuiberrange
from1.2to2.2andispoweredbya6_orsepower electric-drive
system.Withthepresentpower,thestagnationpressureis limitedto
approximately0.3atmosphere.Thenomhaloperatingstagnation
temperatureis110°F withcontrolsavailabletomaintainanytemper-
atureina rangefromabout85°F to140°F. Thecoolingcoilsare
locateidiagonallyin thecornerdownstreamfrQmthecompressor.The
tunnelairis driedpriorto endduringtestsby passagethroughan
externaldryingcircuitconsistingof a circulatingpumpsndan
activatedaluminadryer.ThedryerIscapableofreducingthestag-
nation~ewpointto *out -60°F. Ithasbeenfoundinpractice,
however,thatthepresentleakrateofthetunnel(equivalenttoa

i )–inc&tkmeterhole,,coupledwiththerelativelysmalldryer

capacity,establishesa practicallowerlimitofabout—35°F. Seal-
oi’fdoorsam pro~idedin thetunnelpassageto isolatethetest
sectionduringmdel changes.

At thepresenttime,thetunnelis in a transitorystatewith
repoweringinstallationsinprogressto increasethetunnelpower
to 45,~0 horsepower.Thiswillresultessentiallyin an increasein
tunnelstagnationpressurefromthepresentlimitof 0.3atmosphere
to approximately2.0atrmsPhereswithcorrespondingincreasesin test
ReynolJsnumibers.

.
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Section

Generaldescription.-Thetunnelhasa rectangubrnozzleandtest
section(fig.1) consistingoftwofixedparal>elside@ils andtwo
horizontalflexiblenozzlewalls;thesidewallsandnozzlewallsare
25 feetlongandarecontinuousfroma point66 inches@streamof the -
throatto theendof thetestsection(fig.2). Fortheexisting
Machnuniber1.59 nozzle,thetestsectionhasa widthof4.5feet,a
heightof4.4feet,anda lengthof unifoz-flowregion_alongthewall
of approximately7 feet.

Thesupersonicnozzleandtestsectionareformedby deflectingthe
horizontalflexiblewallsagainste seriesof fixedinterchangeable
templateswhichhavebeendesignedtoproduceunifmmflowinthetest
section.Thedeflectionof thenozzlewalls,”whichare0.465inch
thick,isaccomplishedbymeansof a seriesof $ackfnggcrewsattached
to transversecorrugationson theoutsideoftheflexiblewalls.These
corrugations,whicharefastenedto theflexiblewallsby meansof
studsweldedto theundersideof theplate.,serveto increasethe
transversestiffnessofthenozzleplateandto distributethejacking
loads,therebyminimizinglocalwallirregularities.Forthisseries
of tests,teqporarymildsteelnozzleplateswereusedinplaceof.the
permanentsetofmachinedandpolish~dstainles-steelplates.Though
thesetemporaryplateswerenotmachined.andad containsomeextremely
smallperiodicwavescausedby thecorrugati~.studwelding,theflow
in thetestsectionisrelativelyuniformendtheeffectof thesewaves
appeemsmall.

Aerodynamicdesign.:ThenozzlefortheLangley&“by 4-foot
supersonictunnelwasdesignedby themetiodof characteristicsfora
test-sectionMachnumberof’1.606. In anticipationoftherepowering,
a boundary-layercorrectionfor1 atmospherestagnationpressurewas
estimatedby themethodofreference1. In applyingthiscorrection,
thedisplacementthicknessof thebouqdarylayerwascomputedalongthe
nozzlewalls,anditwasassumed.”thatthesame”thickness.existedalong
thesidewalls.Theconibinedeffectofbothboundarylayerswasthen
arbitrarilyappliedtotheordinatescomputedby themethodofcharac–
teristicsto satisfyone+imensional.continuityrelations.Sinceall
theresultspresentedinthispaperwereobtainedat a stagnation
pressureof 0.25atmosphere,itshouldbe expectedthatthetest-
sectionMachnuniberwouldbe lowerthan*hetheoreticalvalueof~.606
becauseofthemorerapidgrowthof theboundary.layerat thelower
pressures(lower’Reynoldsnunibers):The-tude of thisdecrease.in
Machnumberwasesti~tedfromone-dimensionalconsiderationsas 0.012
at station241. (Seefig.2. Station241isthe.maintunnelcalibra- .
tionstation.)Sincetheeffectsof condensationatnormaloperating
conditions,aretofurtherreducetheMachnuniberfromtheisentropic—
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valueby an incrementoftheorderof 0.003(seesectionentitled“Test-
SectionCalibration”),theestimatedtheoreticalMachn@er of 1.59
fortheactualoperatingconditiwscomparesfavorablywiththe
measuredtunnelMachnumbers.

Test-sectionCalibratim

A seriesof calibrationtestswereconductedto determinethe
Machnuniberad flowangularitydistributionin thetestsectionof the
tunnel.D addition-toestablishingqumtitativelytheseflowpar-
eters,testswereundertakento definetheoperatingdew-pointcriteria
forminimizingtheadverseeffectsof condensationontheflowin the
testsection.

Apparatus.–Theprincipalsurveyinginstrumentusedduringthe
calibrationwasa cruciformprobe. (Seefigs.3(a]and3(b).)This
probeconsistedoffour5°wedgesofrectangularpkn formmounted
radiallywitha go”spacingabouta circularcylinderhavinga conical
nose. Onesurfaceof eachwedgewasin a planecon@iningtheaxisof
theprobe.A static+ressureorificewaslocatedin thetwo-dimensional
regionofthissurfaceof eachwedge.Thisarrangementsimulated
two0°wedgesatrightanglesto eachother.In additim,a total-
pressuretubewasmountedontheprobe(fig.3(a))so thata total–
pressuresurveycouldbe madesimultaneouslywiththestatic-pressure
measurements.IRromthesefivepressurereadings,theflowangles,
Machnuiber,andstaticpressurewerecalculatedby theshockemd
expsnsionrelations.Duringthesesurveys,a pitot.+taticprobe
(fig.3(c)),whichwasdesignedon thebasisofthecalibrationresults
presentedinreference2, wasalsousedto establishandto check i
accuratelythestaticpressureandMachnumbersas determinedfromthe
cruciformprobe.

Tests.–Theinitialseriesof testsconsistedof systematically
varyingthestagnationdewpoint,pressure,temperature,sndcompressor
speedthroughthefollo~ rengesto establishtheoperatingcondi-
tionsofthetunnel:

Stagnationpressure,atmosphere. . . .“.. . . . . . . . 0.125to 0.3
Stagnationdewpoint,OF . . . . . . . . . . . . . . . . . -36to40
Stagnationtemperature,%. . . . ... . . . . . . . . . . 85 to140
Compressorspeed,rpm. . . . . . . . . . . . . . . . ..1200to1300

Duringthesetests,static-pressuremeasurementsweremadethroughout
thenozzleandtestsection.Afterthestagnationoperatingconditions
(press&eof 0.25atnmsphere,dewpointof -35° F, andtemperature
of 110 F) wereestablished,an sxialsurvey(directionof thex-axis;
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fig.2)wasmadefortheseconditions.
.

Datawere.obtain~dfromthe :.
cruciformprobeat2-inchintervals“inthetestsectionfrom
station215to station298(alengthof 83 in.)at a distance1 Inch
belowthetunnelcenterline.

_—— g ::
In addition,a-transversesurvey — .

(directionof3they-axis;fig.2)was~de siqqltaneousl~forthree . ~ ; .:
positions- ~ inchesabove,on,and
at station241. (Seefig.2.)

~ inchesbelowthe3znnelaxis
.=

Corrections.-~ing thesxialcalibrationof thetestsection,it
wasfoundthatthecruciformprobeindicated~ erroneou~lyhighstatic ~.- ‘“’j--;
pressure,resultinginan indicatedMachnmib~rwhichwaslowby ... .
about0.03.ThisMachnuuiberdecrementwas“be~ievedtom-ecauSedby -

—

eithertheforwardpropagationQf thepositive-interferencepressures
fromthe$mctureofthewedgesandthecylindricalcen~ralbody,or ‘-” “- V
theclosenessoftheorificesto theMachlinesfromthecornersof the
measuringplanes.Calibrationoftheprobethroughanangl~f+ttack
rangeofho, however,indicatedthatalthough”theabsolutestatic

—

pressurewas-inerror,theindicatedvariationinstaticpressurewere .. ~
correctto,within0.03°flowangle(withinthe,experimentalaccuracyof

.-—
thetests).In orderto establishtheabsolute-pressureand

u.-
Machnumberfromthedataobtainedwiththecruciformprobe,itwas
necessarytousea pitot+taticprobe.

-
(Seefig.3(c).) By comparing --i:-..:

thestaticpressureandhlachnmiberdetermine~Yombot~the_pitot-”
staticandcruciformprobeat thesamepointin thetunnel,it-wh-s “ .-
possibleto establishthecrucifo-probeinstrumenterrorandin this
waydeterminetheabsoluteMachnumberandstatic-pressurevariations

-

inthetunnel.Theaccuracyoftheresultsobtainedfromthepitot- -i-
staticprobewasfurthercheckedby individual’static-andtotal.–
pressureprobesandby measurementsmadeon thesurfaceofa cone. In -.
*addition,themeanvalueof thecorrectedstaticpressure>determined
froman averageofallthecrucifo-probedataobtaine{~throughout

.- .-

theaxialsurvey,agreed,with~ experimentd,+wcuracy,_tiththe
averagevalueofthewallstaticpressuresobtainedovera corre- .. --:_
sponclinglengthofthetest+ectionwall.

,... =
-4 v-

Duringtheai~tream surveys,eightdifferentcruciformprobes
wereused,sixsimultaneouslyduringthetransversesurteysandtwo
duringtheaxialsurvey.Theprobeangleswer~accuratelymeasuredin
thevicinityofthestaticorificesandit-found thattherewas,in
~eneral,a sli~htincludedanglebetweenthey:arallelp~nes whichwas
lessthan0.5°inallcases.In orderto facili%tethe-reductionof ‘-
thedata,itwasconvenierittousethebasicshock+xp~_sionrelations
computedfora 0°wedgeandto applya compute,dMachnu@ar correction
of 0.0023p~rtenthofa degreeincludedan@e4.Becaus~ofthesmal~—
magnitudeoftheincludedanglesandthel.lne~ityof thepressureas a
functionof angleinthisrange,thereisno@mrection--totheflow- ‘
anglevariationsindicatedby thewedges. .: ~

..

..
-..—

—
-.

‘-,.
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.—

—
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During theexial survey,thegeometric-probeanglesweredeter-
minedrelativeto thetunnelcenterlinesothattheflowanglescould

# be establishedwiththisas a reference.In thetransversesurveys,
no geometricanglesweremeasured.However,itwaspossibleto estab-
lishthegeometric-flowanglesalongthetrensverse surveyon the
y-exis(fig.2) fromtheco~m pointtiththeaxialsurvey.Forthe
vertical-flowangles(~) ~ inchesaboveandbelowthetest-section
axis(y-is; fig.2),itwaspossibleto calculatethegeometric
angleson theverticalPlaneofsynmetry(x–zplane;fig.2) fromthe
axialsurveyby assumingtw~nshml flowandconstructingthe
characteristicnet. Thevalidityof thisprocedurewaspreviously
establishedby a comparismof themeasuredMachnunibersandhorizontal-
flowangles(eH)cm theaxialsurvey(alongthex-xaxis;fig.2)with
valuescomputedfromthetransverse(y-yaxis;fig.2) survey.The
agreementwasgoodandwastithinthee~erimental-accuracyof the
tests. (Seesectionentitled“ResultsendDiscussiQ”.) Thereisno -
apparentmethodfromthedataavailablefortheaccuratedetermination

3of thegeometrichorizontal-flowangles(eH)~ Inchesaboveandbelow
thetunnelcenterline. However,frominstallationconsiderationsand

(a comparisonof thesedata $ in.aboveandbelowtunnelcenterline
)

withthetunnel-cente~linedata,lt isprobablethattheanglesof the
probesrelativeto thetunnelcenterlinewereextremelysmallendthe
flowsnglesobtaineddirectlyfromtheprobeswerenearlyequalto the
geometric-flowan@es relativeto thetunnelcenterline.

I&oman
theprobable
Machnumbers
follows:

analysisof thedataobtainedduringthecalibrationtests,
errorsin themeaf?urementoftheflowanglesand
werecomputedby themethodofleastsquaresandereas

Absoluteflowangles,degrees. . . . . . . . . . . . . . . . . . AO.1
Flow-anglevariations,degrees. . . . . . . . . . . . . . . . ● 20.03
Machnmibervariations.. . . . . . . . . . . . . . . . . . . to. 003

Basedon a comparisonof theMachnunibercalculatedfromthe
pltot-staticprobe,individualstatic-andtotal-pressuretubes,wall
staticpressuresandsettling+hadertotalpressure,andtotal–
pressurereadingsin thetestsectionandthesettlingclamber,it is
estimatedthattheabsolutevalueof theMachnumberisaccurateto
within~0.01.

. Resultsanddiscussion.–A representativephaseof theresultsof
thedew-pointinvestigationispresentedinfigurek. In thisfigure,
thewall-pressuredatahavebeenpresentedin termsof indicated .
Machnunber(basedonisentropictotalpressure)asa functionof
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stagnationdewpointatfourrepresentativewaQ stationsalongthe
testsectionfortherangeof compressorspe?~,forsupersonicflow.
ThoughtheindicatedMachmmibersarein errorwhencond-nationo“ccurs
(theactualMachnumberswillbe lowerbecauseofthelossintotal
pressuredueto condensation),theyshowthepronouncedimportanceof
thedewpointonaffectingtheflowinthetestsection.Thelarge
decreasein indicatedMachnumher~oma valueofabouti.60 at a dew
pointof-36°1?toabout1.44at40°F-isshowri.“Basedontheresults
ofthesetests,coupledyithadditionalmeasurementsinthefree
stream,itwasconcludedthatalltestsshouldbe conductedat a dew
pointoforbelow-35°F. Evenat-35°F, thereisa 10SSof one-half
of lpe~centintotalPuessurewhichcanbe dl~ectlyattributedto
condensationsincetestsat stilllowerdewpo~ts elimi’=tethisloss
intotalpressuresThenecessityforoperatingat suchlowdewpoints
isa consequenceof thelowstagnationpressures.““With–a”dewpointof

—..

-35°F, thespecifichumidityisrelativelyhi&h,0.00043(poundsof
watervaporperpoundof dryair)fora stagna~ionpressureof0.25
atmosphere.

.

-----

.

.-

—
,:-... _

.—

--

,S

Figure~ presentsan illustrativewall-indicatedMachnuniber
..-.

distributionmeasuredonthecenterlineof theupper-and
lower-surfacenozzlewallforrepresentativeoperatingconditions.The “–__.___

,_

theoreticalcurveforthesupersonicregionwaqobtaine~fromthe —
characteristiccalculations; whereasthsc’wrve,forthesuksonicregion
wasobtainedfromone-dimensionalisentrop~c-flowrelat~ons.

I.—
ThiS

procedureforthesubsonicregionappearsjustifiedbeca-meofthe .
relativelylowrateof changeofcross+ectional.sxeawi-thdistancein
thevicinityof thethroat.Thedatafromthe”upperandlowerStiface– ““T: ‘~.r-.
bothagreereasonablywellwiththetheoreticaldistribution,but .

individuallyindicatea smaJJ.systenmticasymmetrybetweentheupper
andlowersurfaces.BecauseOfthetemporary~ture ofthe~enozzle
platesandtherelatLv+ygoodql~ityof the$1OWin thetest . ~_ .=
section,no attemptshavebeenmadetomodifythenozzle”contour.In
an arbitrarylengthequalto.theheightof thetestsection,the ..-
UWXlmumvariationinMachnumberalongthowall ~.30.0_67.- ,_ .-_-~,

Thebasicresults-oftheaxialsurveyarepresentedinfigure6
forstagnationconditionsof 0.25 atmosphere,110°F, anda dewpoint ..
of–37°F. Inorderto indicateclearlythereproducibilityof the
data,repeattestsaredeslgnatedbyflaggeds@ibols.i%addition,

—

sincetheaxialsurveywasconductedin twoseparateinterTals, ,,

(stations215to243.5andstations242.5to298)differentsymfbols ‘-:=--
.“.-.

havebeenusedforeachinterval. -
~.

Inorderto indicatetheaccuracywithwhichthedatafromthe
transversesurveycouldbe usedforcomputingtheaxial_survey,a .--... _<

representativesetofhorizontal-flowangles(?H)computedfromthe
transversesurveyareshowninfigure6 togethprtiiththeexperimental

-.. 5

.
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data.As canbe seenfromthisfigure,the
computedandmeasuredvaluesis excellent.

d
In a discussionoftheflowparameters

agreementbetweenthe

in supersonictunnels,some
basiclengthforcomparisonmustbe assumed.Since,ingeneral,the
19ngth of allmodelsmustbe lessthantheheightof thetunneltimes
thecotangentoftheMachangle,thisfundamentallength(5.5ft
atM= 1.5g fortheLangley4-by &foot stipersonictun-.el)together
withthepresentmfxlellength(2.5ft) havebeenusedforreference
dimensions.Thesignificantvariationsof theflowpai-ametersas
obtainedfromthelongitudinalsurvey(fig.6) aresummsxizedinthe
followingtable:

Item Test-sectionheightX cotP Modellength

Interval Stations215 to 281 Stations235to26;

Msximum.Mach
ntier range 1.585to1.604 1.585to 1.595

Msxi~horizontal-
f10W+31@0 (6H) 4.05 to 0.20 0 to 0.20
range

Msximun+verticd–
flow-angle(~) -0.15 to 0.30 0 to 0.30
range

lfaxi~pressure-
coefficientrange

-0.OEI to 0.004 4.005 to 0.004

Sincethepresentmdel installationprovidesforangle+fattack
variationsin a horizontalplane,Machnunibervwiationsin the
positionofrepresentativewinglocationshavebeencomputedfromthe
axial.survey.In theregionofthewingsforthefirstcompletemodel
installation,thevariationinMachnumberiskO.01ad takesplacein ‘
a lengthof26 inches(13In.aboveandbelowthetunnelaxis).

Theresultsofthedataobtainedfromthetransversesurveyat
station241areshowninfigures7 to 9 andaxesunma~izedfora length
of26 inchesin thefollowingtable:
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$ inches
Item abovetunnel

centerline
MaximumMach

numberrange ~.595to 1.601

Maxi~horizcmtal-
flow-angle(@H)
range

Maximum-vertical-
flow+ngle(~)
range

34.13to 0.05

-0.25to 0.10

NAC!ARMLgE27a

1.581to 1.5911.59J.tO1.597
1’

-0.03 to,o.22a4.05to 0.15

-0.06 to 0.20 oto 0.18

aIncrementaLvalues.

onthebasisof thedataof figures6 to 9 andthetabulated
valuespresentedherein,thegeneral-flowpropertiesinthetest
sectionareconsideredtohavea relativelyhighdegreeofuniformity,-
andaresuitableforaerodynamictesting.

MODELANDIMSTAUATION

ThetestmodelwaEconstructedfromsteeltocoordinates
presentedintableI andisshowninfigure~0. Thebqsicmodel
(without.csnopies)isabodyof revolutionhavingan over-alllength
of 30.267inchessnda finenessratioof9.4withoutcanopies.Theto~
andbottomcemopiesareremovablesothatthefusel~6–canbe testedas
a bodyofrevolution.ThetitPartofthefuse-e is.integralwith
thesupportingsting.Duringtheinitialp~es ofthetestprogram,
thesupportingstinghada 10°coneanglebeginningessentiallyat the
rearofthemdel. Thestingwasmdifieddfiingthe~estprogrtito
approximatelya 3°coneangle(fig.10),theequivalentofa canstant-
stressconditionforthefirst4 inchesofthesting.Thepressure
orificeswerelocatedatvariousradialpositionsatninebasic
stationsof themodelas showninf:gwe 10.,Inaddition,onecompr~”
hensivelongitudinalrowof orif~ceswaslocatedalongtheupper
surface(~= 180°)ofthebasicbody(nocanopies).Forthefuselage
withcanopiesinstalled,theorificeslocatedat approximately150°
weremovedtothecanopy$mcture.Thepre66ureswere.photographically
recordedfrommultiple-tubemanometersfllls~withAlkazene42. This
manometerfluid,having.a specificgravityofapproximately1.75,was
foundparticularlysuitedforthesetestsbecauseofitsextremely-low
vaporpressureandlowviscosity.
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Theinstallationofthebodyofrevolutionin thetunnelis shown
infigureU. A scaledrawingof theinstallationshowingprincipal
dimensionsispresentedinfigureX20 Theangleof attackwasvaxied
ina horizontalplanethroughfixedincrementsby rotatingthemodel
aboutthe5>percentpositionof thefuselsge.

TES13S,CORRMZCIONS,ANDACOURACY

Tests

Thebasicpressuredatawereobtainedforthefuselageas a bo
‘%ofrevolutionandwithcenopiesforen angl~f-attackrangefrom+

to 10°at a Machnwiberof1.59enda Reynoldsnuniberof2.60x 206
basedon thefuselagelength.ThisReynoldsnuniberandMachnuriber
conditioncorrespondstQ full.+cde similarityat en altitudeof
116,ooofeet. Theaerodynamicdatawereobtainedat tunnel-stsgnatdon
conditionsof: Dewpoint,-35° F; pressure,0.25atmosphere;and
temperature,110°F.

CorrectionsandAccuracy
.

Sincethemsgnitudeoftheflowangle,Machnuder, andpressure-
coefficientgradientsaresmallinthevicinityof themodel,no
correctionshavebeenappliedtothedata. It is estimatedthatthei accuracyof thedataisas fo=ows:

Machnuniber.. . . . . . . . . . . . . . . . . . . . . . . . . .iO.01
Angleofattack:

Geometricmeasurement(probableerror). . . . . . . . . . . .kO.02
Maxhumflowlrregulexity . . . . . . . . . . . . . . . . . ~20

Angleofyaw:
{ .

{
Msximumflowirregulazztty. . . . . . . . . . . . . . . . . ~+0.30

Absolutepressurecoefficient. . . . . . . . . . . . . . . . . ~0.010
Variationofradialpressurecoefficient. . . . . . . . . . . to. 005

Pmsmm!ImOFmmm

Thebasicdata’obtainedduringthepressuretestsofthefuselageA as a bodyofrevolutionsndwithcsnopiesarepresentedinfigures13
and14,respectively,as a functionofradiallocationforninerepre-
sentativestationsalongthefuselage.Theactualdatapresantedinall
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thefigureshavelg.entabulatedintablesII to IVwithadditionaldata
obtainedduringthesetestsbutnotusedintialysistabulatedin
tablesV toVII. Wheretwocolumsarelistedfora gl”iaangle,the
datainthefirstcolurrmindicatetheorigln~stingconfigurationand””
thsdatainthesscondcolm, indicatethamodified-st~cotiigu-
ration.In ordertoTreventconsiderableoveilap>fngO? data,a large
portionofthemodified-stingdatawasnotpresentedin,figures13
and14. .Inallcases,however,thedataomittedagree%l.thinabout
0.007inpressurecoefficientwiththedatapresented.Allthedata
indicatedinthefiguresby flaggedsymibolshavebeenobtainedtiththe
modifle&stlr~configuration.Inorderto comparethe‘fuselagedata
withavailabletheoreticalcalculations,the&ataforthefuselageas a-
bodyofrevolutionhqveI.eenrePlottedinfigpre15 asa functionof’
theproductoftheqngleofattackandtheco~ineoftheradial
engle(acos@). At eachstationalongthebody,a codjjarisonhasbeen
presentedwiththelinearizedtheoreticalresultsofVgnK&m&n and
Moore(reference3) endTsien(reference4). rn,thisconqmrison,the
linearizedpressurecoefficienthasbeendefinedasminustwicethe
axial,perturbationvelocityexpressedinteMjsofthefree-stream
velocity.No theoretical.resultshavebeenjjresentedforstation46.2
becauseofthelocationofthisstati~ata regionofdiscontinuityof
slopeofthefuselageprofile.No comparisonispresentedfor
station93.5becauseoftheli”titedamountof’dataavailableand -
becauseoftheprobabilityofthestingmateriallyaffectingthe
resultsatthisstation.Ih addition,thetheoreticalnonllnear ‘
resultsforflowabouta conehavebeenobtainedfromreference5 for
zeroangleof attackandreference6 forangleof attackandare
includedforstati6n5.6. Fl~e 16 cogparestheexperimentalaxial
pressuresoverthebodyofrevolutionforzero“angleo~attackwiththe
lineaizedresultsofreference3 end th6”ntiilinesrresultsobtainedby
themethodoutlinedbyFerrf(reference7). Forthepresentcomparison,
theeffectsoftheshockcurvatureat zero~gle ofattackwere
estimatedtobe verysmallandhenceneglected.A comparisonofthe
experimentalandlinearizedtheoreticalpressuresovertheupper
surfaceofthebodyofrevolutionatangles-ofattackj.spresentedin
figure17. Figure18presentsa comparisonofthepressuredistri-
butionovertheuppersurfaceofthecanopyat zeroangleof attack
withtwoapproximationsforestimatingthesepressures.A limited
amountof theexperimentalpressuredataovertheupP63canopyfora
rangeofanglesofattackispresentedinfigure19. ~ .,- .,

DISCUSSION
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A directcomparisonof theexperimentaldatawiththelinearized .
theoriesofreference3 andreference4 csx-bemadeti-om”anexamina–
tionoffigure15;inaddition,a semiquantitativecomparisonwithall :“: :
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availablenonlineertheoriesforbodiesofrevolutionatsmallsingles
of attackiealsoevident.Thisgeneralizedcomparisonresultsfrom
thefactthatsuchinviscidnonllneartheoriesas thoseofFerrsri
(referenoe8), Stone(reference9),andFerr~(reference10)all
investigatetheproblemfroma“view??ointof consideringtheeffectsof
a superpositionofsmallperturbationsof YaWvelocitieson thebasic-
zero-yawconfi~ation.In essence,thebasic~pherical-oordinate
velocitiesarerepresentedby Fourierseriesoftheform(see “
reference6)

n=o

m

v= Y+a F yn cosn~

n=O

and
w

W.a E ~ sinn@

n=o

wheretheberredquantitiesindicatethezeroyawcondttionandthe
unbarredquantitiesrepresentthe wedcondition.Sincein each
analysis,termsof theorderof z andhigherareneglected,it is
shown(reference9) that,forthesolutiontobe co@?atiblewiththe
boundarYcondi.ticms,theFouriercoefficientsfor u,v, and w must
be zero-forn # 1 ‘andtheequationsreduce

~=z+mlcos$j

v =~+aylcos~

W=az ~ sin#

to

Withthevelocitiesexpressedin thisform,itispossibleto
obtaina similarformforthepressure+oefficientvsriation(refe-
ence9):

P =F+A2acos#
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.

where Al dependssolelyonthebodygeometryandthefree-+tream
Machnumber.Thoughthisdiscussionappliesrigorouslyinthec-e of
yawedconeswheretheshockcurvatureis.zero(statim5~6),it is
equivalenttoneglectingtheshockcurvatuxein themethgcofFerri
(reference10). Iftheeffectsofshockcurvat~earec&sldered,then
thequantityzYPmustdepend,to somedegree,ontheangleofattack.
Thisdependencewouldresultina separatestraightline(fig.la)for
eachangleofattackwiththeinclinationgf ea$hlinerotatingabout
thepressurecoefficientat acos@=o. For--theMachnuiiberendthe
anglesofattackofthisinvestigation,theeffectoftheshockcurvk
tureon theco~arisonof thepressuresissmall.It is-estimatedthat
thiseffectisexactlyzeroforthefirstthreestationsandtheline-
arityofthepressuredatapresentedinfigure15 showsa direct
comparisonwiththetheoryofreference10forstations5.6,11.0,
and22.0.Fortheloweranglesofattack,thecomparisonisagain
tirectlyapplicableto station34.6.FortheQ@hestangies,small
effectsofshockcurvaturemaybe present.Froman exam@ationof
figures15(a)end15(b)itcanbe seenthat,ingeneral,goodagreement
existsovertheupperand,lowersurfaces(extremitiesofthecurves),
andthe.maximumdiscrepancybetweenexperiment“&dtheoryoocurs
at #= 900(aces#= o). Sincethetheoreticalpressureat this
locationthroughoutthebodyisindependentofshock-curvatureeffects,
thenthedisagreementof eachexperimentalcuribwiththetheoryin this
vicinitymustbe a directindicationofthe.effectsof thehighe~rder
termsoftheangleofattack.(Itshouldhe notedthatthevertical
shiftof theline-theorycurvesat a cos$ = O to accountfornon-
linearconsiderationscanbe easilydetermined.fromfig.16). Furthe~
more,sinceshock-curvatureeffectscanonlycorrespondtovariations
in slopesofthetheoreticalcurves,thecurvednatureof thee~eri-
mentaltrendsmustagainbe theeffeotsofthe“highe~r~ertermsof
theangleofattack.Therefore,It isconcludedthatth6shock-
curvaturetermsareofsecondaryimportancetotheangle+f’’ttack
termsinaffectingthepressure-coefficientcomparison~esentedIn
figure15. If,however,anyco=iderationsofliftsnd”momentsare
made,thentheshockcurvaturemaybe ofgreat6rsignificancesince
thesequantitiesdependdirectlyon LSP.

—

Ingeneral,rela~ivelygoodagreementexists(fig.15)betweenthe
experimentalandtheoreticalresultsthroughoutthebodylengthfor
smallangles.Asnotedpreviously,theagreementisbestonboththe
top(@= 1800)endthebottom(~= 0°)surfaces.At station5.6,
thoughtheagreementwiththetheoriesofreferences3,_4,9, andU.
Is goodforthelowanglesof attack,thedisagreementbecomesquite
pronounced,asmightbe expected,atthehighestangleOYattack,10°.
Thoughno calculationshavebeenmadeto determinethesngleforshock
detachment,it canbe readilyreesanedthaiitheshockremainedattached
throughoutthe~le-of-ttackrangeandthatdiscrepanciesbetweenthe
experimentalandtheoreticalresultsagainindicatethelimitationsof
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thetheory.Asmightbe ~ected, theUscrepanciesbetweenthetheory
andexperimentbeginat lowerenglesof attackas therearof thebody
is approached.Towardsthemidsectionandtherearofthebody,the
radialpressurevariationis extremelysmallforlowan@es of attack,
andtheexactnatureisbeyondtheprecisionof thetests.It is
interestingtonotethattiterapproximatelythek~ercent+fuselsge
station,theradialpressuredistributionsreseniblem.zchmoreclosely
theshapetobe expectedfroman infinitelylong,yawed,circular
cylinder.

Thoughonlya limitedmunt of dataereavailableat the93.5Per-
centstation,thereappearstobe a significanteffectof theoriginal
stingon thelasti-etationdataforanglesofattackof’2°and4°but
whichdisappearsat 5° andabove.Thisdiscrepancycanbe associated
withtheoriginalstingsincereducingthestingangleresultedina
decreaseinthecompressionoverthestingandhencea reductioninthe
pressuresovertheextremerearofthebody.

A moregraphicvisualizationof theflowoverthefuselagecanbe
seenfromfigure16forzerosngleof attackandovertheupper
surface(#= 1800)of thefuselageforotheranglesfromfigure17.
Thecloseagreementbetweentheline= andnonlineartheoriesforthe
bodyat zeroangleofattackwould%eexpectedinthisMachnwiber
rangeas shownfortheconicalnoseby thecalculationspresentedin
reference11. Thoughslightlybetteragreementisshownbetweenthe
experimentaldataandthenonlineartheory,goodagreementexists
beibweenboththelinearendnonlineartheoriesandthee~erimental.
dataforzerosngleof attackup to aboutstation85. Beyondthis
point,thelinearizedtheoryindicatesa rapidexpansion;whereasthe
e~erimentaldataindicatea smallexiallys-tric separatedregion
at therearof thebody. Thissepsratedregionis quiteprobably
causedby ormateriallyinfluencedby thestingsupport.In Compa?ing
theexperimentalandtheoreticalcurves,it shouldbe notedthatthe
surfaceslopesIntheregionbetwemstation8.2 to station20.9
andstation86.9to station100weregraphicallydeterminedfromfaired
curvesand?as such,thetheoreticaltrendsme consideredmoresignifb
cantthemtheexplicitvaluespresented.Foranglesof attackup to6°,
thesgreementbetweenthelinearizedcalculathnsandtheexperimental
dataremainsgQod(tig.17). At thelaststationthereappears’tobe a
slightstingeffectfor4° anda somewhatlargereffectfor2°. It
shouldalsobe notedthatgoodagreementexistsfortheuppersurface
at-5°angleof attack(undersurfacefor50). For10°engleof
attack,theflowovertheuppersurfaceattherem ofthebodyisat
a muchlowerpressurethanindicatedby theory.It is quiteprobable
thattheflowis separatedandinfluencedtoa largedegreeby the
under-surfacepressure.Sincetheflowoverthebodyatpositive
anglesof attackis ofa spiralnaturefromthelowersurfaceat the
frontto theuppersurfaceat therear,it ispossiblethatthe
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boundarylayeraccumulatesattherearof theupper@urfaceand
.

seperates.Sincethelowersurfac~woul~hav6.%erylowTressuresat’ - ‘-4‘-=-
therear(see,forexample,the-5 curve),theselowpressureson the f:undersurfacecouldbe transmittedtotheuppersurfacethroughthe
separatedboundarylayer.

-. -..— —.. .—

A comparisonofthefuselagedatawithandwithoutcanopies
(figs.13,14,1.6,17, I-8,and19)indicatese~ectedtrends.~om a
comparisonofthecurvesoffi~es 13and14,it canbe”seenthat
thereisno effectofthecanopieson statian5.6;at station10.9~the-
effectof theupper-surfacecano??yisto change,markedlythepressures”
overthefuselagebetweenradiallocationsof90°and1800witha high
positive+pressurepeekresultingon theabruptincrease-hslopealong
thecanopywindshield.At station22.0,theeffectofthe,canopies
(bothupperandlower)isfelton thepressuresoverthqentirestation
thoughnottoa veryl=ge degreebetween0°a9d’60°.T~s,however,is
justa coincidenceforthisParticul=c6nfiwation.l!%rtherrearward,

-—
-—-.. .. .-...-

--,.. --
-—~
. ::

thereaxeno pronouncedchangesinpressuresforthecanopyconfigu– - -
ration.Thisprobablycanbe seenmoreclearlyfortheuppersurface
forzeroangleofattackfromfigures16anti18andforanangleof
attackfromfigures17 and19.

Inorderto estimatethePressuresovercanopiesandotherprotu-
berancesforstructuraldesignofthesecomponents,twoapproximations
weremadewhichpredictedthedistributionovertheuppe-rsurface‘of
theuppercanopyforzeromgle ofattagksurprisinglywell. In
presentingtheseresults,itisrealizedthatthereisno rigorous
basisto expectagreementbetweenthecalculationandthedata.From ‘-
physicalconsiderations,however,itappearsthatthetwoapproxima-
tionswouldbe e~ectedtoconibinet~givea reasonable_resultinmany ,
practicalapplications.In orderto caloulatetheflowovertheupper
surfaceofthecanopyforzeroangleofattack,thefuselagewas
assumedtobe a bodyofrevolutionwithtk.ec~opy extendingcompletely
aroundthebody.’Thepressuredistributionwasthencalculatedby the
methodofreference3 ad theresults(method,1,fig.18) showfairly
goodagreementwiththeexperimentalpressuresexceptintheregionof
thecanopywindshield.Theoverestimationof”%hepress~-ein-this

.—

region,bythismethodshouldbe expected.Themagnitudeofthepeak
pressureonthecanopywin~hieldwasthenestimatedbyassumingthe
windshieldtobe a bodyofrevoluionaboutthefuselageelementinter-2settingthewindshieldinthe180 radiallocation.Usingthe
Machnuniberoftheflowovertheregiontieadofthecanopy,the

—.

pressureon thewindshieldwasdeterminedfromlinearized-conecal.cu-
lationsandIsshownasmethod2infigure18. Theagreementwiththe
observedpressureisgood. Henceby a coribfnationof thetwomethoti,
thepressuresoverthetopofthecanopycanbe estimatedformost
structural-esignpurposes.
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CONCLUSIONS

*

Pressur-distributiontestsof a supersonic+aircraftfuselagewith
andwithoutcanopies(bodyofrevolutionwithoutcanopies)havebeen
conductedintheLangley& by 4-footsupersonictunne

k
at a

Machnuiberof1.59andaRewolds nuniberof 2.6o X 1 . Thesedata
wereobtainedu~oncompletionofa seriesof calibratimtestsofthe
nozzleat a Machnuniberof1.59. Theresultsof thecalibrationand
pressure-distributiontestsindicatethefol.lo@gconclusions:

1.Thegeneral-flowproyertfesinthetestsectionareconsidered
to havea relativelyhighdegreeofuniformityand~e suitablefor
aerodynamictesting.

2. Forthefuselagewithoutcanopies(bodyofrevolution),good
agreementof thee~erimentaldatatithbothlinearandnonlinear
theoreticalcalculationswasobtainedat zeroangleofattackup to
85 to 90percentof thefuselagelength.At distancesgreaterthan
90 percent,a generalizedconclusionwasnotpossiblebecauseof
separationwhichwascausedor aidedby thesting.

3.A similarcomparisonforanglesofattackup to 6° indicates
. thattheaxialagreementbetweentheexperimentaldataandtheline-

arizedtheorgremainedgoodover boththeupper(@= 1800)andthe
lower(~= O ) surfaces.

.
k. Thetheoreticalvariationofpressurecoefficientwith a cos@

(apsmmeterusedin computingthepressuresaroundbodiesofrevolu-
tionat smallanglesof attack)agreesreasonablywellwiththeexperf–
mentaldata. However,smallbutmeasurablediscrepancies(occurring
principallyon thesideof thebody,@ = 90°)wblchincreasewithangle
of attackwereobserved.Thesediscrepanciesindicatetherelative
importanceof thesquaresandldghe~rdertermsof theangleofattack
andtheviscoustermswhichareneglectedinalltheoriespresently
availableforsmallanglesofattack.

5. I?ortheccmpletefuselageconfiguratia(withcanopies),a
localizedyositive-pressurepeakexistedoverthewindshield.This
peak,togetherwiththeremainderofthepressuresontheupper
surface(@= 1800)ofthecano~y,canbe estimatedwithsufficient
accuracyformoststructural-designpurposes.

IangleyAeronauticalLaboratory
NationalAdiisoryC-ttee forAeronautics

IangleyAirForceBase,Va.



18

1.Tetervin,Neal: ApproxhnateFormulasfortheCampu~tionofTurbu-
lentBoundary-IayerMcxuentumThiclmessesin(!ampresslhleFlows.
NACAACRL6A22,1946.

2.Hasel,LowellE.,andColatti,DonaldE.: Investigationof
TwoPito~taticTubesat SupersonicSpeeds.NACAI&l~02, —
lg48,

3.VonK&m&, Theodore,md Moore,NortonB.: ResistanceofSlender
Bdies MovingwithSupersonicVelocities,withSpecialReference
tol?ro~ectiles.Trms. A.S.M.E.,vol.~, no.23,Dec.15,
1932,pp.303–310.

4.Tsien,Hsue-Shen:SupersonicFlowoveranInclinedBodyof ~
Revolution.Jour.Aero.Sci.,vol.5,no.12,Oct.1938,
pp.48ti83.

5. StaffoftheCcznputingSection,CenterofAnalysis(UnderDirection
ofZden~kKoyal):TablesofSupersonicFlowarcnEidCones.
Tech.Rep.1,M.I.T.,1947.

6.StaffoftheCcmputingSection,CenterofAnalysis(UnderDirection‘-
ofZden~kKopal):TablesofSupersonicFlowarotidYawing _..
Cones.Tech.Rep.3,M.I.T.,1947.

7. Ferri,Antonio:ApplicationoftheMethodofCharacteristicsto
SupersonicRotatio@ Flow. NACARep.~1, 1946.

8. Ferrari,C.: DeterminationoftheI&essu&Exerted-onSolidBodies
ofRevolutionwithPointedNosesPlacedObliquelyina Stream
ofCompressibleFluidat SupersonicVelocity.R.T.P.Tra~
I.ationNo.lJ_05,BritishMinistryofAircraftProduction.
(Fran“AttiR. Accad.Sci.Torino,vol.72,Nov.~ec.1936,
pp.14&163.)

9. Stone,A. H.: OnSupers&c Flowpasta SlightlyYawingCone.
Jour.Math.andPhys.,vol.XXVTI,no.1,April1948,
PP.67-81. —

10.Ferri,Antonio:TheMethodsofCharacteristicsforthsDetermi-
nationofSupersonicFlowoverBodiesofRevaluti.onatSmall
AnglesofAttack.NACATN18@, 1949. ——.

11.Taylor,G.I.,andMaccoll,J.W.: TheAirPressureona Cone
MovingatHighSpeeds.Proc.Roy.Sot.(London),ser.A,
vol.139,no.838,Feb.1, 1933,pp.278-311.

. ..-
.

--- -—-- 7

.—

..

.—
-.

—
.

—

.-

—
. ..= .

.—.

c.



. ‘ + .

bcdy

adlue
o
.638
.85?
1.030
1.174
LPJ2
1.290
1.317
1.532
I.&x
1.606
1.549
1.538
1.510
1.482
1.468
1AM
1.426
1.3*
1.370
1.lL?6
.900

- 1.-Fc--!I4TE9E9
(seafig.10)

station2.*
x

o O.&z
.E6 .&m
.21.4 .722

stdw 23.374
x

o 2.;3
.256 1.*
.378 l.~
.503 1.654
.flo 1.440

Ststhl
x

o
.c66
.132
.199
.266
.306

1.Y*
1.3g2
1.372
1.338
1.282
1.232

Statlau4.262
x v

o– 1.L32
.ly 1.4U3
.266 l.yo
Am 1.180
.574 .@

staticm23.644
x

o 2.%7
.ZA6 1.%4
.370 1.I?64
.491 1.664
.@ 1.436

Stath’1
x

o
.056
.132
.l$xl
.266
.334
J&

1.Y%8
1.W
1.768
1.736
1.688
1.614
1.472
l.ti

TOP c-9n0pJ
(In.)

Staticm5.128
x

o AA
.132 1.7s4
.266 1.736
.400 1.626
.532 1.424
.684 .%%

stat~m6.560
x

o 2.;30
.132 2.016
.266 1.$%8
.400 1.882
.532 l.~
.598 1.556
.666 1.376
.po 1.W

Statim24.976
x

o 2.YW
.322 1.86J+
.416 1.664
.444 l.w?
.447 1.414

BottcmOEMOPY
(In.)

—

stationE13.$52taZ?.(F2O
x

P.~32
‘.W 1.$64
.392 ;.EpJ
.532
.6I.2 l:I@

Btatlm
x

o
.304
.383
.Im4
.405

.2.u!E
1.;77
1.8s6
1.664
1.482
1.4.U

statical
x

o

;g

.354

3+%
1.g20
1.864
1.664
1.482
1.4.M

StaticmaRlp to‘al% Stitlm24.310
x x

o 2.yi30 o i1. 78
.066 :.% .132 1.854
.l.j2 .266 1.’7’7’6
:g 2:o68 .W 1.5e4

a.028 .@ l.~
.334 1.954
.400 1.824
.466 1.684
.~o 1.@3

stitiml26.640
x

o l.ypo
.1* l.k.gk
.266 1.KL6
.3C% 1.372



NACARM I&IE27a20

.

u

. -A

athok

T4.4

).261
.225
.lg2
-.I&5
.IA8

Station
(peroant:

t

10 10

0.3760.387
.240.37
.137.155
.Cea.09k
:x

‘.303
.236
.NM
.147
.131

5.6 0.L290.1380.194O.zol0.=4
6: .148 .198 .212
90 .179 .200 .195
120 .230 .200 .183
180 .283 .200 .173
180

-. —

.=.087 .146.1P .179
.107 .148 .161

a.174
.IA4J& .150

.I.37 .1% .2.42

.19 .213.156 .)26

.213

.l-p

.148

.131.32:

.099.@

-.017
-.w
-.07’
-.@

-.080

.cm
-.or
-.a?’
-.@

-.031-.*
-.023

-.048-.05:
-.049-.Q5:
-.049
-.%1

-.027
-.035
-.031-.03:
-.035
-.o~l

-.056-.w
-.062
-.072
-.050
-*053
-.@ -.~:

-.*7
-.049-.05:
-*w -.05:
-.G% -.05:

10.9

.J-35.135.Cg8.M%

.104●103.056.055

.078.064.038.033

-.085 -.056 -. 03;
$ -.095 -.052 -.057 -.054

M!o -.048 -.054 -.066
147 -.022 -.052 -.C%8
180 -.007 -.056 -.q’o
1.80

-.CQ8 -.Ola-.015-.01.1
6; -.038 -.014 -.017
90 -.038 -.032 -.az!.
I,20.CQ2 -.032 -.CQl
153 .001●010-.018-.ml -.027-.*
180 .015 -.032 -.021

.001-.006.qio.057
..w -.037 -.038 -.034
. 0!39-.087 -.123 -. I.lg
%087 -. Ggl -.102-.111
..078 -.104

-.104

.Olg _:Jz&.059

..CQ3
,.044 -.@ -.ml
.042.Zg -.. -.:$
..034 -.
%019 -.017

.-i- - =-=

1-..- 34.6

L
46.2

I
=. 041 -

-.041-.047-.@o
;:S)&-.045-.046

-.050
,-.047 -.@o

-.CQ7 -.036-.03:
-.+5 –.027-.030
-.cm -.031-.030
-.035 -.036-.03:
-.035-.031-.034

-. -.(%2-.Oy
-. -*055~&8
-.
-.056 -.060

-.054
-.058

$ -.065
-.@c?$-.032

1.80-.032

+

-.07-*I2-.125
‘-.05-.. -*OJ:
-.03
-.033-.t%o~ 038

-.01-*W .005
-.04-.102-.093
-.04-. -.081

-.04-.024
-.CQ5-*CQ -.01.2

.—
..Qjc
“*w
..Cq
“*w
“*w
..cm
..m

o

l.%
1*
180

-. ox59*7 -0OM
-.035
-.034
-.CQ4

-.031

-....046 1-.035-.028%qo
..Ogl-.087X7 %;
..m -* w -.101
..W -.O’p-.069
..046 -*05 -.040

73.1
6:
90

120
158
180

-, @+:
-. (%s
-.081
-.0’72
-. oy
-.OM

.-

6:
90

1.20

-.022 -.037 -.041-.046
-.048-.043-.043
-A%;-,057-.043

-.045 -.046

-*097+! -*035-.04_,w:-.y -.07’(
-b035.. -.% -.W(

%042 id-.03-.032-.06-.@ -.093
-.&g -.06-. : ~;
-.046-.043-.

84.3

w--a--.-.X2:
-.1 -.u

93*5

=s=- “- ““’”“-“’”-c%ataobtainedfrommdelsynumtrycomlitkms.

-m



NACARM LgE27a 21
*—.Z. . - -

TdSIJP HI. - mEssum+mEmIc - INFIGS.16D 17)

0’WIRUP~SURFACEOFTBE~EUGEA3ABODYOFREVOLUl?10N

s~+fion
(Peroait)

1.7

3.4

5.9

6.9

8.5

ILOO

16.8

19.9

24.4

27.3

34.7

38.7

44.8

46.3

47.5

52.5

59.7

73.2

74*5

79.0

84.1

86.0

90.0

93*5

96.0

Radid
angle
$

180

-5

0.300

.324

.303

.287

.302

.213

.111

.029

.007

.006

.020

.024

●014

-.009

-.025

-.014

-.025

-.037

-.046

-.038

-.049

-.042

–.042

-*W

-*166

0

0.213

.232

.220

.207

.217

.138

.041

-.023

-.031

-.026

-.015

.001

-.014

-.033

-.033

-.033

–. 031

-.053

-.049

-.041

-.046

-.042

-.044

-.036

-.049

m

Awle of attaok~
o

0.214

.231

.223

.207

.=8

.136

.040

-.Ou

-.031

-.028

-.013

0

-.015

-.ce3

-.017

-,023

-,Og

–,054

–.036

-.031

-.047

-.042’

–.034

-.025

-*Oo

2

0.182

.195

.185

.179

.182
-----

.016

-.047

–.045

-.037

-.CQ3

-.00’7

-.024

-.043

-.042

-.041

-.033

-.053

-.058

-.045

-.042

-.041

-.050

-*m

-.070

ES?
,.

4

0.157

.la

.164

,159

,155

●*
o

-.053

-.052

–.043

-..023

-.003

-.025

-.039

-.035

-.038

-.029

-.051

-.055

-.036

-.033

-.028

–.036

-.OW

-.Uo

6

0.137

.147

.145

.134

.129

.(%4

-.010

-.052

-.055

-.046

-.025

-.m%

-.019

-.033

-.028

-.023

-.CQ5

-.041

-.038

-.019

–.019

-.011

–.032!

-.073

-.124

10

0.102

.105

.102

.085

.088

.033

-.042

-.c%8

-.052

-.052

-.016

-.002

-.020

-.028

-.030

-.017

-.0J2

–.040

-.038

-.030

-.033

-.030

-.028

-.095

-.1P



22

TABLEIV.--e?:~”m””7-27a--~-.”
FIG.14) FORTHEFUEJELWEWITHCA?@12S

Station
Radial Angle02,attack —

f(peroent) ‘e _~ o 2 k 6 m

5.6 0.131 0.197 0.223 0.266 0.303
:

o.3En
.156 .197 .209 .223 .234 .230
.187 .197 .190 .190 .1B3 .130

1~ .238 .201 .178 .166 .148 .084
182 .287 .201 .168 .150 .133 .082

10.9 .152 .l&Y ‘.217
$

.251 .330
% .146 .155 .17’4 .1% .194

90 ----- .154 .151 .156 .137 .100
120 .226 .lE!$I.178 .168 .139 .090
lm .458 .352 .311 .2&) .251 .198

22.0 -.075 -.044
$

-.WE7 .001 .020 .072
-.059 -.028 -.015 .001 -.004 -.010

120 -.067 -*W9 -.053 -.044 -.054 -.074
147 -.100 -.IJ6 -.1.19-.Ill -J20 -.126
leo -.104 -.150 -.156 –.lk2 -.162 -,1%

3k.6 -.030 -.007 .002 .021 .036
$

.078
-.032 -.o24 -.015 .001 -.010 -.026

90’ -.038 -.032 -.033 -.036 -.062 -.104
120 -.026 -.024 -*W -.036 -.066 -.120
153 ‘-.017-.036 --.oLI-.042 -.048 -.080
180 -.019 -.036 -.OL1 -.030 -.034 -.024

46.2 90 -.065 -.056 -.C53 -.056 -.088 -.160
-.046 -.052 -.033 -.052 -.078 -.126

158 .011 -.007 -.017 -.019 -.022 -026
leo .005 -.012 -.01.3–*W -.008 -.018

59.7 0 -.034 -.038 -.033 -.021 -.026 -.0100. -.032
90 -.046 -.020 -.025 -.025

-@J
-.056 -.11o

-.020 -.o~3 -.015 -.032 -.054
158 -.028 -.033 -.- -.022 -.026
m -.019 -.028 -.033 -.023 -.o24 -.020

73.1 -.040 -.045 -.045 -036 -.028 -.026
2 -.059 -.048 -.053 -.052 .060 -.102
90 -.073 -.056 -.062 -S&l -.070 .122

-.067 -.052 458 ~ -.054 -m58 -.o&2
158 -.026 –.024 ‘--- -.023 -.022 -.o42
la -.011 -.016 -.m -.013 -.008 -.010

&.3 -.034 -.052 -.058 -.052 .060
:

-.102
-.059 -m52 -.053 -.0% -.068 d.06

9 -.067 -.048 -.053 -.052 -@4 -.102
-.071 -.048 -.053 -.052 -.054 -.078

93.5 0 -.069 -.073 -.074 .(%6 ~072 -&Lo
-.105..+ > -.025 _~08

‘ws!=” -

.—
.

.

—

—

.

—
.-

.

—.

.

— -s



NACARM LgE2ya 23,m--~c....
lWR~FGSl?UfXEMABCIOYQFREVOLUTIUl

Augleofattmkstation
(peroent) -2 I 8 I 8-3 I -3

0.174 0.345
.l&l .251
.19 .174
.ZQ5 .125
----- -----

5.6 0.170
.185
.197
.217
.236

0.155
.171
.187
.220
.249

.=8 .2go

.132 .190

.1P .123

.178

.170 :%

10.9 .LLo
.124

-----
.lTj
.17g

.125
-----
-----

.174

.172

-* 059 .031
-.059 -.036
-.. -.104

-.102
----- -----

-.017 .039
-.015 -.030
-.017 -.065
-.007 -.057
-* m -.038
0 -.018

-m?;
-*052
-.038
-.032

-..

-.049
-.039
-.037

22.0

-. cG5
-.025
-.023
-.017
-.009

.-

34.6
6:
90

120
153
180

-.020
-.018
–. 016
-.032
-.010
0

46.2
-.054
-.046
-.040
-.042

-.030
-.034
-.030
-.036
-.034

-.058
“-.@
-.(%4
-.052
-.054
-.054

-.045
-.037
-.037
-.041

-.044 -.095
-.040 -. on
----- -.034
----- -.034

----- -.010
–. 025 -.075
-.029 -. (%7
-.032 :. C@_;
-.029

-.050 -.038
-. oy5 -.087
-* 059 -.104
-.059 -. 07!5
-.050 -.049
-.050 -.038

59*7

73.1

-.@
-.026
-. C@
-.033
-.028

-* 053
-.055
-.057
-* 053
-. Qjl
-.053

--H--.034 -.042
-.042 -.083
-.048 -.0!33
-.046 -.059

-.079 -.X8
-.on -.124

84.3 -.034
-.050
-* 050
-. @o

-.035
-.041
-.043
-.045.

-.063
-.057

93.5 0
1.20

-. Ogj’
-.083



—

~

CONFIDENTIAL
TAELE VT. - SUPPUMMT ARY J?RE3SUR&COE?FICllWJ!DM?A

OVESTHEI@ERSURFACEOl?THEFUSEI@E

WA BODY(IPREVOLUTICW

Hxrticm
hm-cent;

1.7
3.4
5.9

::;
Si.o
16.8
19.9
24.4
27.3
34.7
38.7
44.8

180

kl@.B O

-2

0.251
.268
.259
.2s9
.233

..170
.068
. Ocg

-.014
-.014
0

-:%

attack

8

0.119
.1.28
.125
.ldo
.104
.CJ+9
-.025
-.063
-.052
-.Oy
-.01.8
-.002
-.o18

station
permut )

46.3
47.5
52.5

59.7
73.2
74.5
79.0
84.1
86.0
90.0
93.5
96.0,

CONFIDENTIAL

maid

Y e

180

fmgle of attaok

~

T0.002 -0.034
-.012 -.034
-.017 -.023
-.029 -.018
-. @o -.038

1

-.035 -.041
-.030 ,,-.0?5
-.047 ‘-.026
-.040 -.020
-.034 -.021
-. @o -.087
-.(%6 ,,-.14-0

‘1

.

E?

1..

‘ II.
I h i



NACARM LgE2Ta

.

25

mR!rEEmsELAGEwI’J!HcANoPms

Radial
an@e

9

AngleofattackStation
(FOrcent) 8-3 -2

0.165
.181
.193
.213
.229

●IL@
.132

-----
.201
.3!%

0.s42
.232
.1%
.1.17
.105

5.6 2
90
120
180

0.151
.l’rl
.li?g
.222
.249

.289

.187

.1.17

.109

.219

10.9 .110
.130

-----
.2X2
.414

-.066
-.045
-.062
-.106
-.127

22.0 -.061
-.042
-.063
-.111
-.136

.042
-.013
-.068
-.127
-.180

34.6 -.023
-.031
-.031
-.027
-.027
-.026

-.020
-.028
-.030
-.022
-.030
-.034

.052
-.021
-.088
-.099
-.066
-.035

-. o%
-.050
-.010
-.010

46.2 90

1*
180

$
120
1*
180

-.059
-.045

-%

-.127
-.113
-.029
-.017

-.042
-.028
-.026
-.026
-.026

-.046
-.050
-.0%
-.054
-.026
-.018

-.023
-.078
-.o48
-.025
-.023

59.7 –.039
-.031
–.033
-.025
-.023

-.045
-.053
-.062
-.057
-.025
-.017

-.033
-.080
-.101
-.074
-.033
-.0:3

73.1
:
90

158
180

-.046
-.054
-.052
-.054

-.066
-.088
-.088
-.070

-.074
-.105

84.3 -.041
-.055
-.057
-.057

-.070
-.=

93.5 0
120

-.073
-.U9



●

~ F \ Downstream ,..

\ upstream seal-off door i * II

Figure1.-.Pictorial.Wamg of e Langley 4.-by 4-footMIParsdc tuunel.

1:’”’” 1:’!,;,:’,
● .

11”, I I 1, II



, . * .

hgufe 2-- Ji9%5Y97Zc A2jyckytof eni?unce cone, mz2/e, L7/7dte~t
~ect/on of fh~ Lung o+~upermnic tunnel



—

.. .

.

. ..- —

..-.

.—

.

.—
. —.

.

.

—



NACARM LgE27a 29

.

.

.

Nose coneshock
Total pressure

A4ach /ine

A “kc “Z%A27t -— I
c r

/ 7 ‘v-/“/

Schematic

—.

u’=qzzJ7
I

drawing of cruciformprobe.

. . ... . ._. _.-

(a)

-.-.. ....

,.J.,,r-,.:.

i&&::=. . . .-

(b)Three-quarter-front

.-

.—=- 7.
. ~

‘=Q5=V
L-597544

view of cruciformprobe.

.—. --- -.4

(c)

Figure

l?itot-staticprobe.

wiiim-e’”.



f!....’ =3.——...—.
w’

4-

-.

.
—

-.

-.

-.

-—.

.



NACARM L9E27a 31

.

.

.

u
2

I 1

}. 6 -@----@

/.5 — — — — — — — — — - >

/.4

/.6

/.5

/.4

w

E?’‘ Iii>
Q ~

Stafion 250

).5 compressorRPM
o 1200
0 1250 Sta+ion 222

/4 o i300 1
-40 -30 -20 -/0 o 10 20 30 @

Dew poin+, deg. F

Figure 4.- Variation of local Mach number with de-wpoint
for represenfafive sfa+ions along *he nozzle axis of *he
.Lanaleu 4 -bq4- foo+ supersonic funnel for sfagnafion

c“nd’’’;ns “-ndo”aa’mo’phe



.

i

,.

/.7 -

1.6

/.5

/4

/.3

L2

1.I :

1.0

.9

.~

.7
0 20 40

(

/
k

60 ED

Figure s.- Mach number
supersonic funnel.

I

*,”,; ,,,

10.9 J201#j601&Om 220 2402ZQ 230300

Nozzle sraflon, inches

“s’riba!muzzle walls of fhe Langley 4-by + foot

l“’
. .

I



NACARM LgE27a 33

●

2

z I.Q1 1= Te5+ section

Figure 6.- Longifudlnal f 10w parameters a~ongfhe fes+

‘::;: ax’s “ ‘-4-’””’ ‘“’’’sO””



—. . . — .*

id
-F

/.65

1.60

1.55

I I 1 I 11111 Ill’ I I I I I I I I I \
c \
Qj 1.60 I I I I \

Q v Y
. i )

a
) Q 9iQ!Q

., A A . \
I I I Tes+ sec+ion a xk I I I I P

s :’i,
c

i i

“%

c:” :

$.
/.65 “

,.,

!&-Tunne 1s)de WU]i! I I 11111 !llllll! 11111 I I 1 I m
1.60.d---J- –J

nn.4 side WOIM”
1 11 . . . .-’. II R.

1.55 ~ I 9+ inches below i%$+ ,$ecfion axis[. I I Ill

28 24 .20 16 /2 & 4 0 4 8 12 J6 20 2++ =

1: Q Istance from +unqel cen+e~line w

Figure 7.- Trans vense iWam number disfribufion a+ station 241 in +he +e& sectioo of +he Langley
4-by 4-foof supersonic +un ml. U

F

~
9

Ii

:: ,. ,:
:,,;,,. ,

,,
lb, i

,, i“!lll’l



. r $

/-*T unn PI sick wall I II II I 1111111 I I ITunnel sMe wall+ :
/ ) 61 Q191A_ \

I ‘f 1-f/ I ( ) 6“ () 6111 \
/ 194 )nches below +esf section axk I \

Flgu re 8.- Horizonfal flow
secfion of +he Langky

“’’-”n” cen’’’ine -
angles> in a +rartsverse direc+ion, a+ s+ation241 In+he +es+

4-’”’-’= ‘“”””” “Ps’ream ‘“W”



w
Cn

,5
Ill I I \

/ 111111111111111 > (> \
o cJ (-1 (> \J/ d LJ \) cWIAIAIAl~lWMh {) I I \

/
-5 9$ inch& a“bov$tes+ sec+ionaxi~ A

~ .5 0

~“ ~ o A I I I I I I I I 111111 I I EL
~o ,. Q o 0 A AI II J. IOIC$ (> -( )- -.()- -( j-
!T 4 ) <) ‘i’ K

I 1“ I I Tes+ section axis: -.5 I
~

$ “5 .> Tunnel sfde walj ( I 11111111 Ill II 11’11 I I I I Tunne[ 5}dewall-k

1~1~1~ ~ ,41(+161 .- .. .
II 1111 TI I I I [’T’IQ IIIK:/

-.5 .A 11111 I 9+ inches below festsection axis II II IIIIR
28 24 20 16 /2 8 4 0 4 8 12 /6 20 24 B

,, ,, Disfance from tunnel centerline -’

Figure 9.- Vertical flow angles, in a fr irectionj a+ sfation 241 In +he *s+ see; ion
of+he Langley 4- blj4-foof s psfreom view.

1

d

,.”

g

-d

i,
,,1

II i.,,111



. ,
.

7

. —- —-— -
—-

fmnf 14cw

Top we w
.

cwg/k7/Jv/ng

w
4



,. .-.. ..=

.

.

—



,
●✃

Figure11.- Dowu6trem view of the body of revolution in the Lw@ey k- by k-fod.mpersodo tunnel.

~“

Ld
w



— .- -...

.

. .

I

I
.“ ,.

I
I

.



. ,

\

t

I +50 “ /

I
, &--lZ26 _

-L—_____

- /9.00———+

‘Bof+om Wul

Al- ]n inches

,Figure /2-/Y0del ad Support/n taih n
Uklb

ii!

.—



Q

-.16

-.08

0

.08

.16 \

.40
0 40 80 120 .160 200

I

Station 10.9

0 +3 80 120 160 200

( 1

. Angle of
attmk,(degl

A-5
00
❑ z
04.

=3%=, ,:
.,-.

*. Statim 22.0
I 1 J

o 40 80 120 160 200

Radial angle, d, degrees Radial angle, ~, degrees Radial angle, @,degrees
~

figure 13a.— Pressure coefficient variation with radial position for nine representative stations for the’ ~

fusela~ as a body of revolution. E

8
~ ‘ , , ~



, , < , s

Station 73.1
.08

0 40 80 120 “160 200
Radial angleko, degrees

Figure 13 b.— Concluded.

I I Stotiln46.2 I I

I

1 1 1 1

I Station 84.3 I I

/ @----% L

?

Stofim 59.7

%?~ ~ pi

00
4>

❑ 2
~4
V6

Station 93.5 ~ 10

0 40 80 120 160 200 0 40 80 120 160 200
Radial angle, O, degrees Radial angle, o, degrees

15



n

-.24 -

-.16

-.08

0

.08

d

●.16 \

.24
< /

.32

.4c

Stoiion 5.6
.48

0 40 80 [20 160 200 0 40 80 120

. --

-v

O 40 80 120 160 200

Radial angle, $, degrees. Radial ‘ angle, 0, degrees Radial angle, 0, degrees
i

Figu;e 14 a — Pressure coefficient variaticn with radial position for nine representative stations for

the fuselage with canopies.
i
$1



1

0-

I I Stalim73.1 I I
,oa~

o 40 80 120 160 .200
Radial ang(e, 0, degrees

I I Statian46,2 I I
I I I I

Station 84.3

0 40 80 120 160 200

R“di”~e’s

Station 59.7

Ji%i$)“
( ,

00
U2
04
V6

Station 93.5 4 10
I 1. I
o 40 80 120 [60 200

Radial anqle, d, degrees

Figure 14 b.— Concluded.

,,’
I



-.16

-.08
n
+-C 0al TkYetii ..—QE
% .08 y nm-ikmr(ref. 5md6)
o
u

: .16
:Lo

; .24
\

,:,.32-
.4. . !,,,.....’.

Station5.6
do

k

“~.??.4-.16 -.08 0 .08 .16 .24
a cos $, rodlans

-i4 -.16 -08 0 .08

a cos d, mdians

.24

.

\
4-

-

. . . .

Station”tiO

-.24. ~.16 -.08 0 .(

a cos 6. radions

T

$,(a
d-5
❑2
*4
vb

r

4

. . . . . . . . .. .

1 .{ 6 .;

,’ ! ,:, ,, i“: I ,, .:,,

Figure 15a.-Expe”rirnen\~; and theoretical pressure co
‘!’t~ ,.1- , ,)!, ,..

with a cos # fcir nine represetttotiie stations for

the fuselage as a body of revolution.

if,,:i,: ,1 ,“

;,;, I
,,, ,,, ,

,, :,,.,, !Ill irj” .:’ . ‘ i

4=
m

,,

4

,1

B

““i

i
s

I,.
I



, 1 .

I 1

----

/ \

4; ~

P4. I

\

station46.2 Station59.7,
I

0-.16
al TkMcal m&iW
5
U)
:-.08 \a

t i d
/

b

o

station 73.1 Station 84.3
.08.
-.24 -.16 -.08 0 .08 .16 .24-.24 -.16 -.08 0 .08 .16 .24-.24 -,16 -,08 0 .08 .16 .24

v

Mm?dsti-q
Or@-dSii-lg

❑2
~4

Station93.5
:,8”. “

d cos ~, radians a cos a, raditms ‘a cos $, radians

figure 15 b.– Concluded



$2.

-. 2

-.I

0

.“{

.2

.3,,

Tneoreticq

0, — linear
non- Jinea~

L
o 10 20 30 “

-4

) 50 60 70 m 90 I

iww ‘eng’h
Figure 16.-Experimen+al and theoretical pressures over the body-of

revolution, foran angle -

ii
I

1

. .
1 ,’ i, I

I

;,

WWiL” .“”O“’”’’’”M=‘“5’”

, .{
I 1’,’ 1



. A

-.2

TJ

0

.{

.2

.3

.4

+

I I 1

+---kii/
4

1:

w ‘I?ac’l-l
V6
4 Jo *

o /1 20 30 40 50 60 70 80 90 /00
Percent Iengfh

Figure /7.- Experimental and fheorefical pressures over +he uppe~ surface ( @=/80 0,
of fhe body of revotu+io ive anqles of aftack.
M./.59.



-.2

-. I

o

.1

.2

.3

.4

I

.5

0

A

P ‘-&------r- - () (7

0 Approx)ma+ion
for canopy effeci

A4e+hod I
A / Me+h Od 2

.-
/

() ~ #

1~
I

10 20 30 40 50 60 70 8 I
Percent length

Figure /8. - Experimen+aj and es fima+ed pressures over +he fuselage
wi+h canopies, @=l ack of zero degrees, A4=I.59.

,’

,,

!
-,,. ,,! I 1, ~ “!’,, , .

,, ,11) ,’ it:

!2

1



. ,

-.

, t

V6
4 /0 I

o 10 20 30 40 50 60 70 80 90 /00

Pe r~enf Iengfh

F]gure/9.- 1. ongi+udinal pressure disfribuflon over-the upper surface
of fbe fuselage wifh can representative angles of
aitack.IWS/.59. ul

P



.

,
1“

-,

1’

. *
,,, ‘1, .,,

:+, .”

, *,
,, I II


